Background {#Sec1}
==========

Out-of-hospital cardiac arrest (OHCA) is a major global public health concern. In the United States and Europe, approximately 330,000 and 275,000 individuals, respectively, develop OHCA annually \[[@CR1], [@CR2]\]. Despite the development of cardiopulmonary resuscitation (CPR), OHCA prognosis remains poor, with a survival rate of approximately 10% \[[@CR1], [@CR3], [@CR4]\].

Extracorporeal membrane oxygenation (ECMO) is a technique for providing both cardiac and respiratory support to patients with cardiac or respiratory failure. Several observational studies showed that ECMO-assisted cardiopulmonary resuscitation, called extracorporeal cardiopulmonary resuscitation (ECPR), improved prognosis in special circumstances of OHCA \[[@CR5]--[@CR10]\]. The American Heart Association (AHA) and European Resuscitation Council (ERC) guidelines for CPR recommend considering ECMO in patients who have an easily reversible event and have had excellent CPR \[[@CR11], [@CR12]\].

Although ECPR may be beneficial for OHCA patients, there are many complications associated with cannulation, such as bleeding, ischemia of ipsilateral extremities, and vascular injury \[[@CR13]\]. Approximately 10-20% of patients who underwent ECMO for cardiac and respiratory failure experienced complications from cannulation \[[@CR13]\]. Moreover, while both ultrasound and fluoroscopy can facilitate ECMO cannulation in cases of cardiac or respiratory failure \[[@CR14], [@CR15]\], there is no reliable evidence to support which cannulation method is better in ECPR. The Extracorporeal Life Support Organization (ELSO) recommends a cut-down method for cannula insertion as the first choice in ECPR cases because of no pulsation at the femoral artery \[[@CR16]\]. Percutaneous cannulation is only recommended in cases where access to the vessels exists prior to CPR \[[@CR16]\]. However, the percutaneous cannulation method has the advantage of speed, which is a very important factor in OHCA prognosis \[[@CR14]\].

This study aims to assess the effect of two percutaneous cannulation methods (using ultrasound and fluoroscopy versus using ultrasound alone) on complication incidence and time to ECMO start in ECPR for OHCA.

Methods {#Sec2}
=======

Setting and design {#Sec3}
------------------

This retrospective before-after study was conducted in a single tertiary emergency medical center, which covered the local population of approximately 1,800,000 in the east Tokyo metropolitan area of Japan. While this institution established a new emergency room with fluoroscopic capability in August 2014, the distance from the ambulance parking area to the emergency room (approximately 50 m) did not change.

Participants {#Sec4}
------------

The participants included were OHCA patients who underwent ECPR at the emergency department from 1 February 2011 to 31 December 2015. Patients were excluded if spontaneous circulation was restored before hospital arrival or between hospital arrival and ECMO start. The indication for ECPR has two criteria sets in our institution, as follows: (i) initial shockable rhythm, time from cardiac arrest to hospital arrival \< 30 min, witnessed by bystander, and age \< 65 years old, or (ii) witnessed by emergency medical service personnel, presumed reversible etiologies (e.g. cardiac disease, pulmonary embolism, incidental hypothermia, drug overdose), and age \< 70 years old. Outside of these circumstances, ECPR is performed at the discretion of the emergency physician.

ECPR protocol, techniques, and devices {#Sec5}
--------------------------------------

ECPR implementation for OHCA occurred immediately after arrival at the emergency room. Both the outflow and inflow cannulas were inserted into contralateral or ipsilateral femoral vessels percutaneously using the Seldinger technique by emergency physicians. A blood circuit set, including a pump and membrane oxygenator, was primed using normal saline with 3,000 units of heparin. The ECMO pump flow rate was set between 3 and 4 L/min at the physician's discretion. After ECMO start, a 4 French (Fr) sheath was inserted into a superficial femoral artery for delivering antegrade blood flow to a lower extremity.

The principal component of the ECMO circuit was a heparin-bonded surface circuit, including a centrifugal pump and hollow-fiber oxygenator (MERA CPB Circuit; Senko Medical Instrument Mfg. Corp., Tokyo, Japan or Capiox EBS; Terumo Corp., Tokyo, Japan). The ECMO circuit was connected to a heat exchanger to control body temperature. For the femoral artery, 15--16 Fr cannulas were used; 21--22 Fr cannulas were used for the femoral vein (Flexmate; Senko Medical Instrument Mfg. Corp., Tokyo, Japan or Capiox percutaneous catheter; Terumo Corp., Tokyo, Japan). Because of urgency for ECPR, cannula size selection was at the discretion of emergency physician without detailed measurement of vessel size.

All emergency physicians who were involved in ECPR underwent simulation training including cannulation methods, assistance of cannulation, operation of imaging devices, and priming the ECMO circuit before participating actual ECPR.

Exposure and comparison group definition {#Sec6}
----------------------------------------

Details of cannulation methods for the comparison and exposure groups are shown in the Supplementary Material \[see Additional file [1](#MOESM1){ref-type="media"}: Figure S1\]. From February 1, 2011, to July 31, 2014, cannulas were inserted in the femoral vessels using only ultrasound guidance in all patients. These patients were classified as the comparison group. The cannulation method was as follows: first, femoral vessels were punctured using ultrasound guidance with a linear type ultrasonic probe (HI VISION Avius; Hitachi Corp., Tokyo, Japan). Second, a guiding wire and cannula were inserted, confirming appropriate position (intra descending aorta or inferior vena cava) using a convex-type probe.

From August 1, 2014, to December 31, 2015, cannulas were inserted in the femoral vessels using ultrasound and fluoroscopy guidance. These patients were classified as the exposure group. The cannulation method was as follows: first, femoral vessels were punctured using a linear type ultrasonic probe, as in the comparison group. Second, a guiding wire was inserted to appropriate position using fluoroscopy (Infinix Celeve-i INFX-8000C; Toshiba Medical Systems Corp., Tochigi, Japan). When the punctured site was dilated, the direction of the dilator was matched with the direction of the guiding wire using fluoroscopy. Finally, the position of the outflow and inflow cannula was confirmed using fluoroscopy.

Data collection {#Sec7}
---------------

Data (patient demographics, arrest characteristics, and outcomes) of the two groups were extracted from electronic medical records retrospectively. We selected age, sex, anticoagulant or antiplatelet medication use, vascular disease, time period, and operators' experience with cannulation in ECPR as potential confounders. Presence of vascular disease was defined as history of arteriosclerosis obliterans, arterial aneurysm, or arterial dissection. The details of history and medications, including anticoagulant and antiplatelet agents before admission, were obtained from patients' relatives or family doctors. Time period in daytime was defined as patient transport to the hospital between 8 am and 6 pm. Operators' experience level of cannulation in ECPR could not be obtained from medical records. Therefore, operators' years of experience from involvement in ECPR cannulation was measured alternatively as a surrogate marker.

Outcome measurements {#Sec8}
--------------------

The primary outcome assessed was complication associated with cannulation such as hematoma (subcutaneous or retroperitoneal), bleeding at the cannulation site, aberrant placement of cannula, vascular injury, or change to surgical approach. Hematoma (defined as \> 3 cm) at the cannulation site, aberrant placement of cannula, and vascular injury were evaluated using computed tomography (Aquilion CX, TSX-101A; Toshiba Medical Systems Corp., Tochigi, Japan). Computed tomography was performed in all cases within two hours of starting ECMO, and coronary angiography, if necessary, was performed before or after computed tomography. In cases with possible cardiac causes, we usually performed coronary angiography before computed tomography. In OHCA cases with possible non-cardiac causes such as pulmonary embolism, incidental hypothermia, or drug overdose, for example, we first performed computed tomography. Bleeding was defined as obvious bleeding from a puncture site with transfusion requirement within 24 h of ECMO start. The secondary outcome assessed was the time from hospital arrival to ECMO pump start.

Statistical analysis {#Sec9}
--------------------

Descriptive statistics were calculated for all variables of interest. Continuous variables were reported as medians and interquartile ranges, whereas categorical variables were summarized using counts and percentages. Univariate analysis was performed using Fisher's exact test for categorical variables and Mann--Whitney *U* test for continuous variables. Multivariate logistic regression analysis was conducted to estimate the effect size of cannulation method using ultrasound and fluoroscopy on complication of cannulation after adjusting for potential confounders (age, sex, anticoagulant or antiplatelet medication use, vascular disease, time period, and operators' years of experience). All reported *p* values were two-tailed, and values less than 0.05 were considered statistically significant. Statistical analysis was performed using IBM SPSS for Mac Version 22.0 (IBM Corp., Armonk, NY).

Results {#Sec10}
=======

Patient flowchart {#Sec11}
-----------------

Between February 2011 and December 2015, in total, 107 patients underwent ECPR. Of these, the study included 73 patients during the study period: 50 patients in the comparison group (42-month period) and 23 patients in the exposure group (17-month period) (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Flowchart of study patients who underwent ECPR. ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation

Baseline and cardiac arrest characteristics {#Sec12}
-------------------------------------------

The baseline characteristics of the two groups are summarized in Table [1](#Tab1){ref-type="table"}. There was no significant difference between the two groups in presumed confounders (age, sex, anticoagulant or antiplatelet medication use, arrest in daytime, or comorbidity of vascular disease). Coronary angiography was more frequently performed in the exposure group.Table 1Baseline characteristics in out-of-hospital cardiac arrest patients who underwent extracorporeal cardiopulmonary resuscitationOverall (*n* = 73)Ultrasound- and fluoroscopy-guided cannulation (*n* = 23)Ultrasound only-guided cannulation (*n* = 50)Age, years56.0 \[46.0, 64.0\]60.0 \[53.0, 64.0\]55.0 \[42.0, 62.0\]Male sex63 (86)19 (83)44 (88)Anticoagulant or antiplatelet medication use15 (21)7 (30)8 (16)Comorbidities Vascular disease14 (19)6 (26)8 (16) Cardiac disease24 (33)11 (48)13 (26)Time of day (8 am to 6 pm)39 (53)10 (44)29 (58)Prehospital variables Witness59 (81)20 (87)39 (78) Bystander CPR40 (55)15 (65)25 (50) Adrenaline administration15 (21)6 (26)9 (18) Definitive airway insertion3 (4.1)3 (13)0 (0.0) Shock delivery62 (85)19 (83)43 (86) ROSC during transportation4 (5.5)3 (13)1 (2.0) Time from call to hospital arrival, min28.0 \[23.0, 35.0\]28.0 \[23.0, 33.0\]29.0 \[24.0, 35.0\]Initial rhythm Ventricular fibrillation/Ventricular tachycardia59 (81)16 (70)43 (86) Pulseless electrical activity12 (16)5 (22)7 (14) Asystole2 (2.7)2 (8.7)0 (0.0)Rhythm on hospital arrival Ventricular fibrillation/Ventricular tachycardia29 (40)10 (44)19 (38) Pulseless electrical activity24 (33)8 (35)16 (32) Asystole20 (27)5 (22)15 (30)Operator\'s experience, yrs2.0 \[1.0, 3.0\]2.0 \[1.0, 3.0\]3.0 \[1.0, 3.0\]Subsequent interventions Antegrade flow cannula insertion68 (93)46 (92)22 (96) Coronary angiography43 (59)20 (87)23 (46) Percutaneous coronary intervention24 (33)11 (48)13 (26) Therapeutic hypothermia at 34° Celsius34 (47)14 (61)20 (40)Survival at discharge14 (19)5 (22)9 (18)CPR cardiopulmonary resuscitation; ROSC return of spontaneous circulation. Continuous variables are given as median \[interquartile range, from 25th to 75th percentiles\]. Categorical variables are given as count (percent)

Univariate analysis of complication and time to ECMO start {#Sec13}
----------------------------------------------------------

The overall complication incidence was 27% (20/73). The complication incidence in the exposure group was significantly lower than that in the comparison group: 8.7% (2/23) vs. 36% (18/50), *p* = 0.022 (Table [2](#Tab2){ref-type="table"}). Vascular injury, change to surgical approach, and aberrant placement of cannula were not observed in the exposure group. Duration from hospital arrival to extracorporeal circulation start was similar in the two groups (median, 17.0 min vs. 17.0 min, *p* = 0.92) (Table [2](#Tab2){ref-type="table"}).Table 2Outcome in out-of-hospital cardiac arrest patients who underwent extracorporeal cardiopulmonary resuscitationOverall (*n* = 73)Ultrasound- and fluoroscopy-guided cannulation (*n* = 23)Ultrasound only-guided cannulation (*n* = 50)*p* valueComplication associated with cannulation20 (27)2 (8.7)18 (36)0.022 Bleeding6 (8.2)1 (4.3)5 (10)0.66 Vascular injury3 (4.1)0 (0.0)3 (6.0)0.55 Change to surgical approach4 (5.6)0 (0.0)4 (8.0)0.30 Aberrant placement of cannula3 (4.1)0 (0.0)3 (6.0)0.55 Hematoma15 (21)2 (8.7)13 (26)0.12Time from hospital arrival to ECMO start, minutes17.0 \[13.0, 23.0\]17.0 \[14.0, 22.0\]17.0 \[13.0, 25.0\]0.92Time from call to ECMO start, minutes46.0 \[40.0, 55.0\]45.0 \[38.0, 51.0\]46.0 \[42.0, 56.0\]0.23ECMO extracorporeal membrane oxygenation. Continuous variables are given as median \[interquartile range, from 25th to 75th percentiles\]. Categorical variables are given as count (percent)

Multivariate logistic regression analysis for cannulation complication {#Sec14}
----------------------------------------------------------------------

After multivariate logistic regression analysis to estimate the effect of cannulation method and eliminate the effects of possible confounders, the combined method of cannulation (ultrasound- and fluoroscopy-guided) was consistently an independent factor associated with successful cannulation without complication (adjusted odds ratio: 0.14, 95% confidence interval: 0.02--0.77, *p* = 0.024) (Table [3](#Tab3){ref-type="table"}).Table 3Multivariate logistic regression analysis of predictors for complication associated with cannulation in extracorporeal cardiopulmonary resuscitationAdjusted odds ratio (95% CI)*p* valueAge, per year1.00 (0.96--1.05)0.92Male sex0.55 (0.09--3.51)0.53Anticoagulant or antiplatelet medication use0.37 (0.06--2.10)0.26Comorbidity of vascular disease1.28 (0.27--6.01)0.76Time period (8 am to 6 pm)0.73 (0.22--2.44)0.60Operator\'s experience, per year0.67 (0.45--1.01)0.058Ultrasound- and Fluoroscopy-guided cannulation0.14 (0.02--0.77)0.024CI confidence interval

Discussion {#Sec15}
==========

We investigated the effect of ultrasound- and fluoroscopy-guided cannulation on the incidence of complications and time to ECMO start in ECPR for OHCA patients in a single-center retrospective observational study. Ultrasound- and fluoroscopy-guided cannulation did not delay the time to ECMO start and was associated with lower incidence of complication even after adjusting for several confounders.

The combination of ultrasound- and fluoroscopy-guided cannulation was associated with reduced complication incidence. For respiratory or heart failure, cannulation complication incidence in veno-arterial or veno-venous ECMO was approximately 10--20% in previous studies \[[@CR13], [@CR17]--[@CR21]\], whereas the incidence of complication for ECPR cannulation was approximately 25--60% \[[@CR5], [@CR22]--[@CR25]\], which is relatively high. This difference in complication incidence probably results from urgency associated with cannulation in ECPR, unlike other indications. In our study, the overall incidence of complications was 27%, which is similar to that seen in previous studies \[[@CR5], [@CR22]--[@CR25]\]. Moreover, percutaneous cannulation with ultrasound and fluoroscopic guidance appears to be a safer approach in ECPR cases, with only a 10% complication incidence. Ultrasound can allow secure puncture of femoral vessels, while fluoroscopy can prevent aberration and kinking of the guiding wire at the transparent cannulation site when the puncture site is dilated \[[@CR14]\]. These points indicate that ultrasound- and fluoroscopy-guided cannulation contributed to reduce the incidence of complications.

Time from hospital arrival to ECMO circuit start was almost the same in the two groups. Survival rate of OHCA decreases as each minute passes \[[@CR26]\]; therefore, time to initiation of ECMO circuit is a very important prognostic factor in ECPR \[[@CR6], [@CR24], [@CR27], [@CR28]\]. Mean time from hospital arrival to implementation of ECMO varied from 19 to 40 min in previous studies \[[@CR5], [@CR22], [@CR29]\], whereas the median time was 17 min in both groups in the present study. A percutaneous approach with fluoroscopy and ultrasound is more complicated due to device operation. However, this complexity and potential risk of delay in cannulation seems to be reduced or eliminated by reducing the number of punctures and increasing the rapid and smooth dilation of the cannulation site \[[@CR30]\]. Percutaneous cannulation with ultrasound and fluoroscopy guidance took less time in ECPR than percutaneous cannulation with ultrasound alone.

In the present study, only a percutaneous approach cannulation method was evaluated, despite ELSO recommendations \[[@CR16]\]. However, a percutaneous approach is more often utilized, according to previous studies \[[@CR5], [@CR21], [@CR22], [@CR24], [@CR31], \]. The Seldinger technique is adapted for insertion of large-diameter cannulas through the sequential use of several dilators of increasing size. The main advantage is a reduced risk of bleeding, and disadvantages include potential risk for displacement of a guiding wire, resulting in vessel injury or perforation, and difficulty in ensuring intraluminal placement \[[@CR14]\]. Moreover, performing cannulation under resuscitation conditions is a major challenge. Detecting the target vessels under hypodynamic circulatory conditions is much more difficult \[[@CR30]\]. Imaging modalities, including ultrasound and fluoroscopy, can overcome most of the limitations of a percutaneous approach \[[@CR14]\]. Ultrasound can be used to determine vessel location and fluoroscopy can allow detection of incorrect placement of a guiding wire and cannula before perforation or other injury occurs. Thus, our practice includes using imaging during all phases of cannulation whenever possible, including vascular access, guiding wire insertion, and cannula placement.

The present study has several limitations. First, confounders such as coagulability and platelet count were not adjusted for, as these laboratory tests were performed after ECMO initiation. Since these laboratory test results were obtained after heparin administration and a centrifugal pump start, coagulability and platelet count were probably affected. Therefore, we adjusted anticoagulant or antiplatelet medication use as a surrogate marker of coagulability. Second, the number of physicians involved in ECPR, which might influence the outcome, could not be obtained from electronic medical records. We attempted to adjust for this possible confounder using time period, which is associated with the number of physicians. Third, complications associated with cannulation and time to ECMO start, not survival or neurologic outcome, were the outcomes assessed. However, bleeding complications surrounding ECMO are a major problem in managing post-cardiac arrest syndrome. Patients who experience cardiac arrest face several bleeding risks such as post-cardiac arrest syndrome, therapeutic hypothermia, and anticoagulation therapy \[[@CR32]--[@CR34]\]. Thus, successful cannulation without complication is an important and relevant outcome in managing OHCA patients with ECPR. Lastly, this study is a retrospective before-after study. Management of post-cardiac arrest syndrome may have changed in the elapsed time. At the time that this study was conducted, 2010 AHA or ERC CPR guidelines were recommended, and we consistently treated patients with OHCA based on those guidelines. In addition, physician skills might influence our results. Further investigation for seeking the best cannulation method for ECPR is needed.

Conclusion {#Sec16}
==========

In ECPR for OHCA patients, a combination of ultrasound- and fluoroscopy-guided cannulation is associated with a lower incidence of cannulation complication than ultrasound only-guided cannulation, without delay in extracorporeal circulation start. This method can contribute to safer management of post-cardiac arrest syndrome.

Additional file {#Sec17}
===============

Additional file 1: Figure S1.Cannulation method details of the comparison and exposure group. (PDF 8931 kb)
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